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II.

SECTION F - OUTLET STRUCTURE
INTRODUCTION

Flow from the reservoir through the outlet conduit may be
carried for some distance through an irtrigation pipeline distri-
bution system or discharged just beyond the toe of the embank-
ment. In any event, water will emerge at relatively high
velocity whether discharging submerged in a pool or freely into
the air. Where it is to be carried in an earth channel, an
outlet structure is required to dissipate or absorb excess
energy. The flow should pass into the earth channel at non-
erosive velocities for all stages of discharge to prevent under-
mining of the outlet.

Several types of outlet structures have been used successfully
in Service work. Conditions under which each of four types
should be used has been described in terms of hydraulic limita-
tions and economics on Figure F-11.

The structure most subject to variation in cost due to site
conditions is the cantilever outlet and its plunge pool. This
is especially true if the pool requires armor plating. The
other types compared are the PWD, Impact, and the SAF basins.

CANTILEVER OUTLET

The cantilever outlet is a low cost terminal structure that depends
on turbulence in a plunge basin for energy dissipation. 1Its economy
is most apparent in situations where the soil material in the down-
stream channel is erosion resistant. Its economy is also evident
when rock is readily available and cheap and used as an armor plat-
ing of the plunge basin where the foundation material is less
erosion resistant. Whether armor plating with rock or not, a
preformed scour hole is recommended. If not preformed, the material
scoured from the plunge basin will be deposited in the channel down-
stream forming an artificial barrier raising the tailwater level

and possibly submerging the outlet to affect the hydraulics of the
conduit system, It is important that the jet trajectory have some
drop from the conduit to pool water surface for better energy
dissipation within the pool.

A schematic diagram and nomenclature of the cantilever outlet and
the stilling basin is given on Figure F-4, Design criteria for
proportioning the basin is given in SCS Design Note No, 6, The
value of p in Figure F-4 should be a minimum of one foot. For
calculating quantities above the plane of the downstream channel
invert, the following equation is given as supplementary to those
of Design Note No. 6:

v = % (32.65h% + 61lha, + 28.23a2 + 26.165yap + 28hy + 12y2)
1
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The nomenclature is that given on Figure F-4 except that y is the
vertical distance to the upper level plane of excavation or riprap.
The area of the downstream channel entrance is included in the
volume and must be deducted from the rock quantities.

Information on structural details for the cantilever outlet is
given in Figure F-5 through ¥-9, 1In all cases the bottom of the
cantilever bent should extend to a level below that of the basin
bottom, unless it rests on rock.

Use of the cantilever outlet should be restricted to sites where
it is compatible with the surrounding improvements and piping is
not a foundation problem.

On occasion a submerged outlet has been used; these should be
limited in use to small outlets and low system heads. No design
criteria is given here for the proportioning of this outlet type.

PWD BASIN

PWD is an abbreviation for Public Works Department. This basin

is recommended for low head systems. A diagram of this structure
and its proportions for various head-conduit diameter combinations
is given in Figure F-1, TFor effective operation, this structure
depends on the formation of a hydraulic jump for energy dissipa-
tion, consequently tailwater is an important consideration.

Plate F-1 illustrates faulty operation as a result of inadequate
tailwater. The crest of the outlet sill should be set at the

same elevation as the invert of the conduit outlet. Flow velocities
in the downstream channel should be in the subcritical velocity
range with normal depth equal or greatey than critical depth at

the structure sill, Riprapping the bottom and sides of the channel
for a distance of four conduit diameters downstream of the structure
is recommended for shallow tailwater conditions. This will also
provide transition protection when the channel is wider than the
structure. Refer to Figure F-3 for rock riprap size.

A sample of a standard drawing for this type structure has been
included in this section as Figure F-10,
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PLATE F-1

IMPACT BASIN

The impact basin is recommended for use with long duration flows
and where the downstream water level will not meet the minimum
tailwater requirements for the formation of a hydraulic jump.
Entrance velocities should be restricted to less than 30 fps.
Figure F-2 is a schematic diagram and a selection chart for vari-
ous head-conduit size relations within the limits of the hydraulic
capacity of this type of structure.

A short length of conduit leading directly into the impact basin
should be level or set on a slight positive slope. During low
flows, experience has shown the jet leaving a steeper conduit
will miss the impact wall completely.

Impact basins should not be used with open top inlets where
heavy or long debris can be expected unless an extensive trash
rack is used.



Riprapping the bottom and sides of the downstream channel for a
distance of four conduit diameters is recommended. Refer to
Figure F-3 for riprap sizes.

For computing the hydraulics of a full flow conduit system using
an impact basin, THE OUTLET WATER SURFACE SHOULD BE ASSUMED TO
BE AT THE TOP OF THE BAFFLE WALL.

A sample of this structure has been included in the completed
example in Section H as Figure H-5.

SAF BASIN

The St. Anthony Falls hydraulic laboratory developed an energy
dissipating structure used extensively in the Service. This
structure is known as the SAF basin. It is recommended for long
duration flows, high entrance velocities and discharges in excess
of 400 cfs. This structure has not been standardized because of
the number of variables involved so that each installation is a
separate design. NEH 14, "Chute Spillways", provides procedures
for the hydraulic proportioning of the SAF basin.

The SAF basin depends on the hydraulic jump for energy dissipa-
tion. Unless tailwater satisfies the jump requirements over the
major portion of the discharge range ineffective operation
results. The ratio, TW/Dy, tailwater depth (TW) to depth re-
quired for the jump, (Dy), should be within the limits of 0.8 to
1.2 for the full range of discharge (see Plate F-2), However,
for low discharge short duration flows the tailwater rating
curve may exceed the TW/D2 ratio of 1.2 without serious conse-
quence.

Plate F-3 is an excellent illustration of malfunction in a SAF
basin because of inadequate tailwater. Loss of a hydraulic
control downstream or degradation of the channel is the usual
cause of low tailwater. Because of low tailwater, the high
velocity jet leaves the structure with little energy loss
further aggravating the downstream scour problem.

Elevation of the SAF apron should be established by using the
lowest roughness coefficient and a scoured grade line in the
hydraulics of the downstream channel. Elevation of the top of
the SAF sidewall should be checked using the highest roughness
coefficient in the downstream hydraulics.
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OTHER OUTLETS

Several other types and variations of the above structures have
been used in the past with success. These have been for special
installations with limited application. Four deserving specific
mention are the Manifold Qutlet, Bianchi Bench, SCS Baffle, and

the Submerged Outlet. No coverage of these structures is given
here.

OUTLET STRUCTURE SELECTION CHART

Figure F-11 is not intended as an all inclusive evaluation of
outlets but rather as an aid to the less experienced in elimin-
ating those choices between types of outlets hydraulically
inadequate or economically undesirable for a given set of condi-
tions.

This figure has been divided into two conditions:

Condition 1 - rock riprap is not required in cantilever
outlet plunge basin, and

Condition 2 - rock riprap is required in cantilever outlet
plunge basin.

Before using Figure F-11, the downstream channel conditions
should be evaluated. If rock riprap is not required, Chart A in
Condition 1 provides a choice between a cantilever outlet and a
PWD basin. The PWD basin should be acceptable only if the
tailwater requirement can be satisfied as described in the dis-
cussion of hydraulic jump (see Plate F-2). For conduit diameters
to 30 inches the standard PWD structure is more economical.
Above 30" conduit diameter, for low heads, a modified PWD
standard structure is less expensive to construct. Tt is the
designer's choice to use either the cantilever or to modify the
standard PWD structure with the dimensions shown in Figure F-1.

If it has been determined that rock riprap is required down-
stream of the outlet structure, Condition 2 applies. When the
unit cost ratic of reinforced concrete to rock riprap is less
than 13, select a structure from Chart B. At this point the
choice is between the SAF, Impact and PWD basins; the divisions
between the three types is based on hydraulic limitations.
Reference is made to Figure F-1 and F-2 for further size selec-
tion of the PWD or Impact basins.

However, if the unit cost ratio of reinforced concrete to rock
riprap is greater than 13, the cost of a cantilever outlet with
armor plated plunge pool should be compared with one of the three
selected from Chart B.
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EXAMPLE

By the time the system analysis has progressed to this point one
of the conduits would have been selected for final design. To
illustrate procedure a few comments are offered regarding those
outlets suitable for conduits not used in the continuing example.

Ordinarily metal pipe (steel or CMP) would be cantilevered from
a timber bent. Figure F-11 does not reflect the economy in
initial construction for this combination of construction mater—
ials.

Both the 20" steel pipe and the 24" CMP would be cantilevered
from a timber bent. Details for the bent can be found on Figure
F~9. If the steel pipe is to be encased a R/C bent would be
used and details from Figures F-6 through F-8 would be selected.
The example will be continued using the 21" R/C conduit.
A. Problem 1

Given: System head of 20 feet and 21" R/C conduit.

Determine: Type of outlet and construction drawing details.

Problem Analysis:

1. Evaluate need for armor plate in plunge pool.
2. Determine outlet type using Figure F-11.

3. Select appropriate structure size from Figure F-1, F-2,
or F-4,.

Solution: Referring to Figure F-11 with a head of 20 feet
and a 21" conduit size, find choices:

1. If no armor plating is required, from Chart A select
standard PWD basin size D. The drawing number can be
found on Figure F-1.

2. 1If armor plating is required, from Chart B select impact
basin and refer to Figure F-2 for size and standard
drawing number.

B. Problem 2

Given: System head of 20 feet and 21" R/C conduit.

Determine: Construction cost and annual cost of alternate
outlets and evaluate.



Problem Analysis:

1. Calculate construction costs for -

Cantilever outlet unlined plunge pool
Cantilever outlet with armored plunge pool
PWD basin

. Impact basin

aen T

2. Calculate annual costs for each outlet.
3. ZEvaluate results.

Solution: In this comparison two alternate situations are

considered:

1. Outlet control with the system head the same for all
alternates.

2. Outlet elevation (downstream channel grade) the same for
all alternatives. :

These alternate conditions are presented to illustrate the
need for having some idea of the outlet type during the

initial hydraulic proportioning of the system.

For the comnstruction cost comparisons the following unit
prices will be used:

1. Excavation, cu yd

Plunge basin and downstream channel $0.50
Structure 1.00
2. Structure backfill, cu yd 1.00
3. Rock riprap (include filter) cu yd 7.50
4. Reinforced concrete, cu yd 100.00
5. R/C conduit, lin ft 20.00

For the annual cost comparison the following factors will be
used:

1. Annual maintenance (% of construction cost)

a. Concrete structure 0.2
b. Earth channel 4.0
c. Rock Riprap 1.0
d. Earth backfill 1.0

2. Project life - 50 yvears (mo salvage value)

3. Interest rate - 67 crf - 6% - 50 = 0.06344
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Calculations supporting construction and annual costs for
three different outlet types are presented on the follow-
ing pages F-11 through F-20,

From the cost summaries listed on page F¥-20 it can be

seen that cost economy favors the PWD outlet for a comparable
head condition. For the comparable downstream channel elevation
the cantilever outlet with earth plunge pool is less costly. Any
significant change in the unit price of construction or mainten-
ance costs could change the most economical choice. This state-
ment is especially true if rock riprap was readily available and
the cost of concrete was high.

The choice of outlet structure has been reduced to the cantilever
outlet and PWD basin. Final selection will depend on careful
evaluation of the downstream conditions. From the data given a
PWD basin would be recommended.

For purposes of illustration an impact basin has been used in the
continuing example and included in Section H, Drawing Layout and
Summary.

The importance of economics in design cannot be underrated, but
the designer must not lose sight of the possibility of changes
in the physical and functional requirements of the site, and the
added safety the more costly structure might provide, such as:

1. The impact basin has more positive energy dissipation.

2. 1If offsite conditions make the tailwater rating curve unre-
1liable, the cantilever basin would be a better choice.

3. If the outlet design condition is not the maximum flow
condition and there could be periods of greater discharge,
the PWD basin would be more susceptible to damage.

4, Aesthetic values of one outlet as compared to another outlet
are a consideration, especially in a more intensely developed
area.
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A B C D E F G H
SIZE SELECTION CHART
Pipe
dia.
SIZE STRUCTURE DIMENSIONS
ITEM A B C 0 £ F G H
P/pe Dla' 811 /0”— /2” /2”— /8" /8’:27” 30"—36” 36"_ 4811 4811—6011 60’L72”
Q-cfs 2-4 5-10 | 8-24 (|20-66 | 58-132|/20-280\250-490\450-640
@ /I.OII> /I_ 0" /I- 6” 2[_311 31_01I 41— 0[[ 5l~011 6/_011
@ 6// 6" 9II /l—zll /l— 6" 2[_ 0” 2,—61, 31_0II
@ /1_6// 21_011 31_0 41—6” 61- 0/1 81_ 01/ /0/_011 /2./_0/1
) 0" ' 7] ’ ” ’ 1" ’ " I 0" N " ’ " MOdlfled Sfondord Size
@ /-0 — /,— 6 - 2’_ 3” 3’_4” 41_ 6” 6,_ 0” 71_6 “‘ 9,-0" Change the following dimensions
® 10 /_2, /-8 2/—5 3-2"|4"-2 5—2/ 6-2" Isw T T
® 2-8"| 3-6"|5-4"| 8-3" | n-0" |14'-4" 70" (214" [T 5.0
@ 2/_0/1 2/_ 01/ 21_ 0// 21_ 311 31_011 41_ 0// 5/_011 6,- 0/1 E_? 3'_2" 9I_2“
I " " I 123 Iz 1 77 - 3-8 -6
6 6 6 6 7 8 9 10" -2 42" [ 120"
@ 2/_011 21-611 31_ 61/ 41-6" 6/_ On 8_/_ 011 /01_011 /2101/ F~1 4:‘8" |4"_10”
7 r ’ H 1 ” ' 11 1 1 7 Iz / 1 I it F - 2 5 - 2 Is - 4
Length 3 -6 4-6 6-6 g-6 (/2-7 |/16-8 20-9 | 24-/0 G-1| 5-8" [18-4"
Vol Conc.cu¥d) 0.7 | 10 1.9 3.6 73 /197 | 25.6 | 406 [2-2l&-2 [18710]
- = = = s = pos = poss Change quantities according
Rein. Stee/ 54 76 /148 274 447 742 2364713373 Refer to Appendix Tqb_/e J-F/
Std. Dwg. No. 7-E-20463 Suffixed by size letter for refinement in quantities for

various conduit types and sizes

For riprap size selection
curves for dsp see Figure F-3

FIGURE F-I
P.W.D. OUTLET STRUCTURE

EWP Unit Portiand, Oregon



F-23
Note : The basin width selected
shall be that width directly
above or to the right of

50 the intersection of the
\\ - a . WAWAY - ‘\ \ conduit diameter and
— N - velocity lines.
\\ \\ \\ \ AN AY -
40 - X X
A\ \\ 9 iol ‘ll | 1Ri2 |3 14 N8 15 NUS I 7,
= \8 \\ N ‘713. 145N155K65 7.5"_— Basin Width
N AY .
30 \; N\ N A A NEAN
AN A h A
N N\ N A\
N L XN
6 A NN
— A ALN b
» AN AN N N
2 N\ NN \ N
PERSPECTIVE VIEW ~ . \NEENUEIANVIROR N
; 20 N, ‘\
g N NN \ \ .
Example: < AN AN N | NN N N[
Conduit dia — — — — — - 30 inches (full pipe flow) > N N N NINNAD
Velocity — - — — — — — 20 fps N\ N\ NUNTN N
At intersection find- — — — 10.4 ft basin width \ N L[| D _ N \ \
Use standard structure size |1 .0 feet N N N \ NN
N
N N L N NJ [N
Structure | conduit Quantities ¥ \\ N N \ ﬁr :
Width Dia . Std. Drwg. No. N N
feet Inches Concrete -cu.yds|Reinf Steel-Ibs, N AN
5 10-18 10.0 1500 ES 4050 ) N e
6 2 =21 2.5 1900 4060 1o \ >
7 15-24 5.0 2200 3070 N\
8 18 -30 20.0 2800 4080 |
9 21-33 23.0 3300 4090 -
) 24-36 28.0 3900 4100 12 i[5 8 2/4 310 36 42 4l8 5[4 6/0 66
[ ] 27-42 33.0 4800 4110 Conduit Diameter(D) inches
| 2 30-48 38.0 5700 4120 > /j | ﬂ
|3 33-5] 435 6700 4130 ° Ful) ' T T ! L
135 | 33-54 46.5 7300 4135 < 20”7 '
| 4 36-57 50.5 7900 4140 s Lp
[4.5 36-57 55.0 8800 4145 S 2
E 39-60 58.5 10000 4150 c |
15.5 39-60 62.0 10,600 4155 2
| 6 42-63 65.0 11,000 4160 S
165 | 42-63 70.0 12400 4165 20
17 45-66 73.5 13300 4170
| 75 | 45-66 77.0 14,100 4175 SIZE SELECTION CHART PRELIMINARY
L . FIGURE F-2
The quantities listed are approximate and IMPACT BASIN

Revised 6-70

vary with the size of the inlet conduit.

OUTLET STRUCTURE

Reference: USD! Report® HYD-572 EWP Unit Portland , Oregon
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- S \\ T~ , \ X \\
::% o ‘-‘N‘.\\ \\Q\ \\ \
® h N
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P~ pr—— — \
© ®_— \\\\____ \\\\\\
) T \\\\
N RSN
) | ———__ N\
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| JIS8 ET SN
08 R 8 R ? 3 Q o o
(#934) poay

Equation onalysis for .,

Ap
H

F-4
Ap H
2
b [2+ (5.2H+28) lrp]

Area of the pipe (ft2)
Head (ft)

woQ Pp40PUDIS

Wl

(6.96)

b= bottom width (ft)

/rp < Head loss coefficient
for pipe

Riprap layer thickness = 3d,

Filter layer thickness = d

FIGURE F-3

RIPRAP SIZE SELECTION
CURVES (dsp)

EWPUnit Portiond, Oregon



-
1

27

Water Surface at
Maximum Discharge

Conduit —

Invert of

-0 o

Filter Material

Stilling Basin~- Definition Sketch

NCMENCLATURE
a = thickness of riprap or total thickness of riprap and filter material, [t
a, = thickness of riprap, ft
a, = total thickness of riprap and filter material, ft
d = size of riprap of which 50 percent by weight is smaller, ft
D = inside diameter of conduit, ft
h = depth of stilling basin below invert of outlet channel, ft
m . = depth of water in the stilling basin at the maximum conduit discharge, ft
D = vertical distance from the inside crown of the conduit to the water surface in the stilling

basin-at the maximum conduit discharge, ft

v = mean velocity in the conduit for full pipe flow at maximum discharge, ft/sec
Va = volume between a horizontal plane at the invert of the outlet chamnel and a surface at a
thickness = a below the exposed riprap surface, cu yds
¥, = volume of riprap below a horizontal plane at the invert of the outlet channel exclusive of
< the volume in the Riprap Filter Cap, .cu yds
B Va:al ~ Va=o
¥, = volume of filter material below a horizontal plane at the invert of the outlet channel
2 including the volume in the Riprap Filter Cap, cu yds
= Va=a2 - Va=al
¥rfc = volume in the Riprap Filter Cap below a horizontal plane at the invert of the outlet channel,
cu yds
X = horizontal distance from the outlet end of the conduit to the center of the stilling basin,
ft

EQUATTONS
For determining the depth of the stilling basin,

h__oaus -8 82(51)2/3 (See sheet 2)
D—lE—_ o1 Ddl/2 1. ece shee

For determining the position of the stilling basin, assuming the conduit is horizontal at the outlet,

:%= g‘e’_g[:.ll +%+1+%] (8ee sheet 3)

For determining the volumes in the stilling basin,
v, = 2x(1.167h + 1.06a)® — 0.029(h + 0.36a)°

REFERENCE
S5CS Design Note No.6 FIGURE F-4

CANTILEVER OUTLET
PLUNGE POOL

EWP Unit Portiand, Oregon



conpuiT BENT DIMENSIONS
ITEM 12° ] 15" | 18" | 21" | 24" [ 30" 136" | 42" | 48" | 54" | 60"
O [3-0"[5-0"3-0"[3"6"||3-6"[4-6"[5-0"
@ 2'-6"|2-9"|3-0"|3-3" |3-6"| 4-/" |4-8"
6) 1'-0"| 1"-0"|1-3"|1"-6" |1"-6"| 1-6" |2-0" |
@ 4-0"|4-0" | 4-6"| 4-6"
© 7-3"|8-6"|9-0"|11-0"
/’-0"[1-0" | /-0"] 1=2"
@) 1-0" | 1-4" |1~ 35" 2-0"
3-3"\3-10"|4-5" | 4-8"
voL.conceY|o76 |0.77 |0.77 0.95 |0.961.29 [1.57 | 1.90]2.10 [ 235 | 2.8/
REIN_STEEL | 114 ™| 116 ®| 116|142 F|143 | 188 [ 205%) 207%] 33/ %[ 355% | 438%
STD.DWG. NO. ES 105 ES /06

Note:
For conduit size 12" to 36"

Note.

For conduit size 42" to 60"

FIGURE F-5
CANTILEVER BENT
SELECTION CHART

E WP Unit Portland, Oregon



F- 3l

PIPEDIAl W | R X | MARK | SIZE |SPACING | d . f | ¢ [ QUAN.JLENGTH] TYPE] A |- G B C_ [TOTAL FT. N\ \\\\f\\\\\\
‘ I FL 4 1-0 0-3 4 -0 St. ] ) | _12-0 | N SO \\\.\
Fp 4 1-0 - 0-3 a3 <6 - 1. : [ Th2ie ] ~N \\\\
¥ 3 4 1-0 0-3 4 ) 1. ; 12-0 ‘ ‘i\
Fa 4 1-0 0-3 4 ) 5t | - 12-0 OONAAN \
28 3.6 1-6 3-6 FS, 6. 2- 30 o) ) \\
<6 6. 3 9 10 1. _39-4_ | ' .
c7 3 18 32 7o | 7-6
18 4 2 1 48 | 2z | | ____8-10
To 6 2 <5 2 10-2
w5 T izo o3 N B B S __20-0
F2 ) 1-0 0-3 - 5 4-0 1 200
F3 4 1T 10 T3 . 5 | a0 | st | "~ IR R 1 "20-0
F4, 4 1-0y 0-3 5 a0 S, | T T T . Teo0
30" 4.6 167 | 4-1 FS 6 _ 2 3.0 2-0 io 6-0
[X3 6 4 9-10 T - 39-4 |
c7 3 15 3.2 T! 0-4 0-7% | 0-T% 47-6.
T8 ° 4 2 (.50 ] 2 _{ 09} 0-9 |'3-6 | I 10-0__
T9 7 2 5.8 2 1-0 1-0 | 3-8 T ii-a
R s [T s e sy ] T LT LT T T 22
F2 s 5 a ¢ . st R T
| F3 | 4 S 1 4-6 st il __ L. . 22-6
(_Fa I 4 | | 0-6 ] S | =200 UL S R SR A 2276
36" 5-0 2-0-f{ 4-8 { F5 | 6 | R - _2 1 2-0]1. - -0 | 6-0
T Y ] 1. e B S A IR N NN A 32
AN - - 15 32 Tt ] p-a 0-Th | 0-7h a7-6
T8 4 2 6-7 2 [ 1-3 1-3 4-1 1132
To 7 2 7-3 V. 2 1-6 i-6_] a-3 14-6

\_{preformed bituminous filler, 10§ wide.

x il 5 AN ' A“ _:L‘ Ao N

e — —arr— S N ISOMETRIC VIEW

x 1 ¥
3 . = |
e S o K ]
- = 8 B
o
- <
i s : A < <
5 | : .
g @® | | 1
: AAh - e — A L
2 N L= A0 % TYPE T1 . TYPE 2 TYPE 2
& . I . 8 The bar schedule is listed in the approximate order of placement. Bars F1 through F5
Qe m 5 a are contained in the first pour. All reinforcing steel is round. St. meons stroight.
ol 1 Q '
o . - {preformed bituminous BAR TYPE DETAWLS
o "
® ~@~ filler 10§ wide.
au
&
-
o 1
: <« -
_'4 I9 X
Construction joint @ - e Oy (s v QUANTITIES ‘
. \ '?L 1 H . 0 ‘__%.chomfei @ ~ PIPE REINFORCED | REINFORCING | PREFORMED BITU-
- —F ——% (1“ ;‘;,. Nt — ‘|DIAMETER]| CONCRETE STEEL MINOUS FILLER
o v P A T - "
Q @L_ 2z i Y] ﬁ @ __ N : _24in._ ] 0.96 cu.yds.] 14303 Ibs. | 3.0 sq.ff.
T 1 — 2 e ..300n] | 1.29 cu yds.| 188.08 Ibs. 35 sq Tr.
- 3 3 36 in. 1.57 cu.yds. 1265 27 1bs. | 40 sq.ft.
ELEVATION eevaton® @ E ‘ ~ —=3-
"
— € - -~ f " - o~
- “1 NOTES
R | K v e . 17 Closs "B" concrete, f¢<3,000 psi. f; 20,000 psi
3 I l 3 Lo 2. All exposed edges will have % inch chamfer '
i A ! -0 bl 3. All'reference to pipe diameter is the inside
‘°r NIRRT :)I; ? SECTION A-A SECTION C-C diameter of the outlet pipe.
I - h 4. The bar mark numbers indicate the respectiv
L \ - | v , pective
nwr — @ @ ) @ @ _ bar .lo'cahons. .
: I 5. Quantities include column and footing
. L ' | JERN MY 3 6. All steel placement dimensions are to center
1 ¢ L By of bars,
, ° I [ je
-t S B F
W ) &
PLAN Bottom steel Top steel
‘PLAN-FOOTING
. 5 FIGURE F-6
REFERENCE - HALF-SECTION B-B <

CANTILEVER OUTLET BENT

ES 105 EWP Unit Portland, Oregon




PIPEDIA.| W L ™ N P X |MARK | SIZE |SPACING] d 0 f 9 | QUAN.LENGTH] TYPE | A 8 C_ |TOTAL FT]
Fi 4 1-2 1 0-3 1 d 1. . 1 4] 6-9 St, = e 1 27-0
F2 4 O-like N 0-3% | . 8 ] 3-6 | st o _ ] 28-0
F3 4 O-lile | 0-3% 8] 3-6 St. - . 28-0
. Fa4 4 0-10 L. 10-4] s ] 6-9 | st o ] 33-%
42" 4-0 | 7-3 1-0 1-0 3-3 5-3 FS 6 4 ] 2-6 ] 2 11-6 ] 1-0 | . }.10-0
c6 | 6 B 8 |:s-10 |_ St R .| z8-8
. c? 3 } . sl 26 [ 3-2 T TI[0-4]0-Te| O-7% | B2-4
| ¢8 | 4 1 0-6 | = ] [ I SERST S 4-6 | 2 1-0 3 .
| _ €3 17721 0-%¢ 21 a-9
£l 3 0-10 | 0-4 e 41 51 8-0.
P2 4 -0 0-3 I SR 9 | 3-6
F3 4 1-0 _10-3 B 9 3-6
) Fa 4| 0-10 o1 o-4 5 1.8-0
48" 4-0 8-6 i-4 1-0 3-10 | 5-10 FS .6 . 4 | 2-6. -
. C6 7 R 8 ; 9-10 | .
c7 3 . |2 | 3-8 .
c8 4 0-6 1= 8 | 5-D [ 2 0 _
- | C9 | ¢ | o0-8 2. }5—6 - St 1 11-0
T T Fl 4 i-0 [ 0-3 ] _ 1 5 1''8-6 | st J -7 "1 az-6 |
F2 | 4 [ o-1 | 0-4'%% . 104 40 st. [ T 17T 40-0
F¥ | 4 1 1-0._ ] .. 106 o4 9 L 40 o 1 1 e -} .36-0
" \ . F4 4 o0-8 0-3_| vTi.8-6 | st | 1 ] | 59-6_ ]
54 4-6 9-0 1-33 | 1-0 4-5 6-5 F5 | 6 _ 4 | 2-6. 2 i-6 -0 ] . __] _10-0 |
Cé 7 B R 8| 9-i0 St. R i ). 1 78-8 |
c7 3 | 1-0_1. -1 e .26} 3-4 | T+ | 04| 0-8 | 0-8_| 86-8 |
. ¢8 | 4 1 o0-6 | 1 | _ _]l_ 81531 2 1-0 | 4-3 | | 42-0 |
1 o co [:a 0-6 2 | e-o0 1 5t - 1 12-0
e FU] 4 Jos o3 - A N 0 - S B & 736 |
F2 | 4 _] 0-10%] 0-3 A3 ] 4-0 St. S, {4 _1.52-0 |
F3 4 1-0 _ _j.0-6_ ] _ L] 4-0 St. o ] 44-0 ]
_ _Fa 4 | 1-0] 0-3 5T10-6 ] st |7 7 _ . %2-6 |
60" 4-6 11-0 2-0 1-2 3-8 7-0 FS _ 8 _ 4.1 2-6 2 | 1-6 ] 1-0 ] | 10-0 |
C6 8. o I R S 8 ‘9-10 St. . L i o.__ ] _78-8 |
c7 3.1 N S S R . 26 3-8 TI 0-4 ] 0-10].0-8 .95-4 ]
c8 4. 0-6 RN SRR S 8 1. 5-6 ] 2 101 46 | I 44-0 O
C9 4 4 0-6 2 6-8 St i3-3 <
- x No
P T s (@, Er— -
| - O ¢ 4+ TYPE 2 TYPE TI,
! , : o e T BAR TYPE DETAILS
I 3 | B....l [ 0 %) " i
-1 x : A -— >  chamfer The bar scheduie is listed in the approximate order of placement
< A = Bars Fi through F5 are contained in the first pour. Ali reinforcing
< b @ 1 ) stedi Is round. St.is on abbreviation for straight.
e
—| €4 59 = @
= 1 & - QUANTITIES
» -
2 3 : S ol PIPE DIAMETER | REINF. CONCRETE | REINF. STEEL
| c — | & <« “42in. 1.98 cu. yds. i 279.241bs. -
- [ 1| ¢ @ 48in. © 217 cu.yds. 1345.721bs." .
® ‘ €—H § 54in. 2.46 cu.yds. ( 371.16 Ibs,
"’ b — g 60in. 2,93 cu.yds. 456.56 Ibs. .
' L]
- — ~ NOTES )
M |- Construction joint — @ - 1. Closs "B" concrete. f¢ =3,000 psi. fg =20,000 psi.
l' - i @@\ 5 Q — o) " ) -0 . W 2. Ali exposed edges will hove % inch chamfer
o S S— - = - ? —F ] p 3 3 % chamfer 3. All reference to pipe diameter is the inside
_'.{ \_l a—x a a SN et Iy diometer of the outlet pipe.
o o IR 4. The bar mark numbers indicote the respective
ELEVATION @5 ELEVATION T2 o bar locations.
< °‘1 .‘“ . - s | S..Quantities include columns,tie beam,and footing
—1' - - K4 . "o 6. All steel placement dimensions are o center
' ! i (At 0TI of bars.
AR [ . 0 )/
- © SECTION B-B
‘DI 1 N ——<-§T > N 1
 m— & &)
N
- = “l :
(P L ell BKa
PLAN ® ® 'y €
BOTTOM STEEL TOP STEEL
PLAN-FOOTING
REFERENCE: FIGURE F-7
ES 106

SECTION C-C

CANTILEVER OUTLET BENT

EWP Unit Portland, Oregon




PIP'.E DiA. X H MARK| SIZE [SPACING| QUAN.|LENGTH| TYPE B - [ D TOTAL FT.
B 4 1-0 Z4 2.';-|6I S1Q -5 | 3-1p| 1-8 -I;%—g
. - _ 82 4 -0 4 - St. ’ =
24 36 | -9 53 7 i-0 4 | so | st 1 20-0
B4 9 47-0
81 4_
, |82 4 |
30" 4-1 2-03| B3 4
B4 7
8% 7 t
B1 4
B2 4
36" 4-8 2-4 83 4
84 |8 |
85 8
B | 4 1-0 | 24 | 9-5 [°si10 [ 2-3%]4-10k "
82 "4 | o-nle [T 6 | 23-6 St. ] % Chamfer
42" 5-3 | 2-74[ B3 3 o | 6| 8-0 ] §t K
B4 8 . .1..2 ] 23-6 | st B ’
5] 8 2| 236 | st L
Bi 4 [ 71-0 T724 T10-7°1 S0 | 2-7
, B2 4 0-102] 7 | 23-6 St. T
48" 5-10 | 2-11 B3 | a7 0-0%| 7 | 5-0 St
B4 8 2 [e23-s | st. | 1 3
s : S -2 +Eie s ISOMETRIC VIEW
Bl NN -0 | 24__ 9 | si0 ] 2-10%k -
Bz Ta T one T 6 1 st ] ~-—L
54" 6-5 3-25 | B3 4 Touml T -0 | st ] 1 I SN .
B84 9 2 6 St.
[~85° ] s 2 e T st I T @) 83) Dowels
-9l 3297 T -
:; '**Z— T —8:?(Lv—3% - %'-,9- 1 3=z L 6" SECTION A-A o e The bar schedule is listed in thg
60" 7-0 36 B3 [ 4] 6-u 178 ] st R approximate order of placement.
83 1— 3 d 5 ] o5 . - All reinforcing steel is.round. St.
85 T ‘o 2 st L C — ie nan abbreviation for stroight
TYPE Si0O
______ A1 BAR TYPE DETAIL
TR iyt S, e A ;“:_ _________ I AR L :‘:_ ________ 47
: ; : | : : QUANTITIES
g 1 | i - - "
! ! I : ! ] | PIPE DIAMETER |.REINFORCED CONCRETE | REINFORCING STEEL
| { { 1 *
| ( I ! : l @ 24 in. 3.26 cu.yds. 330.81 Ibs.
I A . —
; : 1 ; G T L . 30 in. 4.09 cu.yds. 400.89 tbs.
! ! . i bl } £ @ 36 in. 499 cu.yds. 497.47 ibs.
___________ ! ! S - i ! } 42 in. 5.94 cu.yds. 516.18 Ibs.
; E ol } : : 1[ : { @ ~__48in. 6.97 cu.yds. 553.92 Ibs.
------------- 0 2 O e e 1 s e A A 1 1 e 1= == N AR 54 in. 806 cu.yds. 641.24 1bs. |
oo e st s s S s . . S S e S o et S Lotes S s s doe St el st 60 in. 9.21 cu.yds. 730.75 Ibs.
3-9 1-3 aed ' e ‘ ‘
@ Dowels 5-0 long @
SIDE ELEVATION' NOTES

1. Class"8" concrete, f¢=3,000 psi  fg=20,000 psi

2." All exposed edges will have % inch chamfer
______ v 3. All.reference to pipe diameter is the inside diameter of the
SRR R SR e P T S U _ the outlet pipe.
i | 1 1' T H 4. The outlet pipe will be standard strengh R/C pipe with an’
! | { ! ! ; on over-gll length of 24 feet.
' : } ! | | 5. Quantities include the beam only
! 1 !
I ! I ! i ! 6. The bcr mark numbers are the respective bor locations
] ! i ! | ] .
: T ; § | ' ! : i -1 7. All steel placement dimensions are to center of bars
1
i to by [ i [
1 {1 P i | : | [
___________ i 1! [ ! i ) b
| [ [ [ P ; i T
| | Ty by [ P
___________ e Tt ot e A S
_____________ I < SN o U < AU 2 N = S _‘l
____________ o}
Zero grade 7 A
i 14-0 . . 10-0
el -
¢

SIDE’ VATION
E ELEVATIO FIGURE F-8

CANTILEVER OUTLET DETAIL

EWP Unit Portland, Oregon
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£ .
—_ L orrugated metal pipe

20" . 8 g o]
~ e e gra” ' 3\;‘%
X
T T »
~_ T v Notched fof . 2R
S x\_, N ,,:_‘__:__.._. e _fif Ppe g{
+ 1 iz
]
SO i 1000 - e N HE R
2w 12 n G 8% 8% 20" Filler Block 5._' 7
2 1 -
N gHT e LA i\‘
o 3 . , 10" minirmurm r
o E 2xE x50 Ho 30" max. ol
Q S 14
el _ I
2'x 6" x 6-8 = ,
F A NOTES

12 “ram
wLo” posf;»ﬁhl;

Posts shal! be 12 dwam. or 127square

' . Ssalid or built-up with 2°pieces e

Outlat Sectio .

J/ Sroor Al wood shall be pressure Freated
| with creosote.

Use wrought irorr bolts and washers
iFavarlable.

—
|

Sheef metal form fo be
ploced inside of pipes
for a .uniform bend

DETAIL OF JOINT BLOCK B

FOR TRANSITION BETWEEN OUTLET AND BARREL ELEVATION OF BENT
st ypsotet spor e s SECTION THRU G OF PIPE
a;;yo‘l/gi PIpE Gre om the sarme

v

2

/2% Post

2ot Y- L1= .
4,424‘ N o 2t
M 1 ([ 2 tiom Post
i . Qi LA 2xa” - 2'3(4”6‘05/)»«7)/
L*—vlT it [0 T ¢
' o ‘}j’ o b 88 Fulier Block IR
| HE # o prpe e B e B
IR o Ry 1 H . Y ALTERNATE
| ! ! Y P jal SN LALLI. LN 3
g s S 0 PP N ) BASE
r o! H- T e
—ir |y (i A v
Collar | ot e l — FOR EXGAVATED
F= . L —L | FOOTINGS
PLlAN PLAN SCALE- 3/8"=1'-0"
26" ! W
= SCALE - 3{g= 1'-0" UNLESS SHOWN
i 2- Bolts HHAIE ;
P " d-washers ;g 2
W3R - ) 4
2-0"x o7 ﬁ}\
4 =
| T ’ ’ [ "
%IZ\% |E‘ S 26 X 68
|
e l 1 s2dam. | §
§ g A T A i 0" Post l‘}l\ Sdsor Al L
X e Al T - g f . -
. @@ - - Y4 , Filler Block
b . b Pipe not shomn
"')| . A w1 this view.
i b ]
i B, - )
K 55‘ 1 3 Bots % /8" 212" x "8
X Wy é- washers
N S ¥
“8% ) x8x 50"
“ 3
s} »
oo b
T,
! i ,__4750#5 %'n;‘xla”‘ - 2N G X G-
M 8-washers | )PP Post —
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DETAILS OF FIGURE F-o
BENT

" SecTion_mx CANTILEVER OUTLET
REFERENCE : 3~L-|2524 ’ Raviseo D-zz-53 ' TIMBER BENT

EWP Unit Portland, Oregon
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0414

6 12" 2

T
-3

2

D4is

3" 1

7

2

G910 G 12"

1 D4ig) & 12"
D417
SECTIONAL ELEVATION
10"-0"
Q,, j 4-6" L 3-q" 1-2" 6"
1.D. pipe
e -
= ) :
I Elev /45~~'/\

?l preformed.
Joint filler

SECTIONAL ELEVATION

6 —f

Notes .

Structure is symmetrical avout £

Chomfer exposed edges }’ inches

Splice length 15 inches

Class 3000 Concrete
5= 20,000 psi
fes 3000 psi
s 1350 psi

Refer to Table J-F/ for
refinement in concrete volume

TABLE OF QUANTITIES

Concrete cv yd

Reinforcing stee! 274 lbs
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SCALE iN FEET

STEEL SCHEDULE
5 . Tora/
Location | Size |Mark |@uan| Length 1Type | 4 8 6 |rength
P.W.D. BASIN
Siob 4 [os0r] 2 5°37 2 | 22371 3% 10%6"
” 4_ |pgoz| 2 5167 2 | 2t3" [3-37 11-0"
“ 4 (D903 | 2 6-0" 2 2-6" | 3-6" 12-0"
” ¥ 1D404| 2 6-6" 2 | 3'0" | 36" 13~0"
- 4 |pa05| 2 7-0” 2 | 33" [3-9" 4-0"
“ 4 |paos| 2 7-3" 2 | 36" | 3-9" 14-6"
“ 4 |pao7| 2 7 6" 2 | 329" | 3-9" 15"-0"
“ 4 lpeos| 2 79" 2 | 407 [ 3-9" 15- 67
- ¢4 |paos| e 7tg” 2 | 4'3" | 3-6" /5"-6"
“ 4 |pa0] 2 8-3" 2 | 4-9"13-6" 16-6"
“ 4 o] 4 06" | sPa| 46" | 4T9" | /537 |42-0"
” < Tos2| 2 75 [Pl L de 17 | rre
B 4 low3a] 2 40" 2 29" 1 /-3 8-0"
Sidewall EZZAN 523" I'see | /“37 | 2 9" [ /53" 5-3"
” 4 lpes| 8 m-0" 1 5PB | 470 [0 0" 12'-0”
Cutoff wall 4 (pa6] 2 | 103" | s 20-6"
“ 4 o7} 6-9" | s 16-9
- 4 _{pas] 8 /~9” St 140"
- 4 __{pa9i 10 40" Str 400"
TABLE OF QUANTITIES
1.D.of Type of pipe
pipe ASTM 76 & AWWA Steel &
n. AWWA C 302 1C300 & C301 | CM.P
Cu Yds Cu Yds Cu Yds
18 367 367 370
20 3.65 3.68
Concrete 21 365 367
24 3863 3.63 366
27 361 364
Reinf Steel 274 Ibs
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Standard Dam

Standard Dam

CONDITION | Rock riprap not required
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CONDITION 2 Rock riprap required

When unit cost ratio of R/C to rock riprap is less than I3 use Chart B. If the
ratio is greater than 13 compare costs of the structure selected. from Chart B
with that of a contilever and armored plunge pool.
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See Figure F-/
. A for size selection
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‘ Conduit Diameter (inches)
Note. FIGURE F- I

Charts A and B apply for full
conduit flow.

OUTLET STRUCTURE
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